The antibacterial activity of cotton fabrics chemically modified by some metal salt (metal ions) such as Cu 2 +, Fe 2 +, Fe3 + and Zn 2 + was investigated. The increase of the amount of adsorbed metal and the increase of anhydrous succinic acid concentrations was correlated. Zn 2 + ion-adsorption was the highest, followed by Fe 2 +, Cu 2 + and Fe3 + with the same amount of anhydrous succinic acid. The antibacterial activity of Cu 2 +-treatment against Staphylococcus aureus was the most effective. Zn 2 +-treatment possessed a great antibacterial activity against S. aureus even when the amount of adsorbed metal was the lowest. Cotton fabric treated with Cu 2 + possessed the most effective antibacterial activity against Klebsiella pneumoniae and that treated with Zn 2 +, Fe 2 + and Fe3 + possessed a slight antibacterial activity. The antibacterial activity of 4 kinds of metal-treated fabrics was higher than that of commercial antibacterial and deodorant fabrics, when the amounts of anhydrous succinic acid used was more than 1.0 g/g fabric. In particular, the Cu 2 +treatment on cotton fabrics was more effective than that of commercial treatments. These findings suggest that antibacterial activity could be improved by treatment with metal salt on cotton fabrics.
INTRODUCTION
Cotton fibers are most commonly used in textiles, and their share of the textile market is about 50%. Although cellulose fibers have excellent properties as comfort, and they have certain disadvantageous aspects such as the lack of form-stability, washing and wear property. Therefore, several finishing treatments have been developed in order to deal with such defects of cotton fabrics, and improve their ability to recover from wrinkles and waterproofing properties (Allanach et al., 1986; Fukuoka, 1986; Kino, 1986; Kinoshita, 1986; Konishi, 1991; Kose, 1986; Yamamoto et al., 1991) . Finishing treatments have also recently been developed for cellulose type materials to provide them with antibacterial and deodorant properties (Lee et al., 1999; Payne, 1997; Seong et al., 1999; Sun et al., 1999; Vigo, 1999) . Clothing and textile materials are carriers of microorganisms such as pathogenic bacteria, odo ,r-generating bacteria and fungi adhering to fabric surfaces. Almost of the textile materials used in hospitals and hotels could cause cross-infection and might transmit bacteria involved in pathogenic diseases (Sun et al., 1998) . Therefore, it is necessary to promote the antibacterial activity of fabrics used in the medical and health care fields . Furthermore, such antibacterial finishing should be safe to use, easy to apply, durable, and suitable for use (Payne, 1997) . Antibacterial and deodorant finishing treatments can be generally divided into two categories. They are applied as a pre-treatment in the fiber-forming process or as a treatment in the fabric finishing process. Both treatments could be used for regenerated cellulose type materials, while only the finishing treatment can be used for natural cellulose type materials. Finishing treatments are widely used and classified into 3 different methods (Nakashima, 1988 (Nakashima, , 1989 (Nakashima, , 1993 (Nakashima, and 1994 . In the first, antibacterial agents are directly adsorbed on fibers (Toray Co. Ltd., 1989) . This method is easy to apply, but it is difficult to use repeatedly because it will lead to defect in the material. In the second, antibacterial agents are confined in the network structure of the reactive synthetic resins formed on the fiber surface (Nitobouseki Co. Ltd., where A is the initial bacterial cell count (cfu/g fabric) and B is the bacterial cell count of the sample after 18 h incubation (cfu/g fabric)
Quantitative analysis of carboxyl group The number of carboxyl groups was measured by the method of Maekawa et al. (1986 and 1990) . Crushed dicarboxyl-cellulose fabric (0.2 g) was immersed into 10 ml of 0.05 N NaOH solution and shaken frequently for 3 h. Three drops of phenolphthalein were dripped into the above solution. The number of substituted carboxyl groups was analyzed by titration using 0.05 N oxalic acid.
Measurement of Cu2 +, Zn 2 +, Fe2+ and Fe' + contents of specimens According to the method of JIS K 0102:1984, Cu', Zn' , Fe" and Fe' contents on crushed metaltreated cotton fabrics were measured by Shimadzu AA-670 atomic absorption spectrometry. Before measurement, 0.2g of specimens were immersed into 10 ml of a metal solution of concentrated nitric acid and 60% (w/v) perchloric acid (1 : 2) for 24h at 110°C. Evaporation was performed and the residual materials were dissolved in distilled water.
RESULTS

AND DISCUSSION
Quantitative analysis of carboxyl groups The amount of substituted carboxyl groups and the amount of adsorbed metal seems to be correlated. In this experiment we found that the amount of substituted carboxyl groups was increased in accordance with the increase of the amount of anhydrous succinic acid added (Fig. 1) .
FIG.1.
Relationship between the amount of anhydrous succinic acid on cotton fabric and the amount of substituted carboxyl groups. other hand, much Cu' was adsorbed even when the anhydrous succinic acid amount was very low. On Fetreated specimens (Fe2+ and Fe3+ ), the metal- Table 3 . On untreated specimens, the cell counts of K. pneumoniae was 2.2 •~ 107cfu/g fabric after 18 h incubation. The antibacterial activity of test specimens against K. pneumoniae was larger than that against S. aureus.
No bacteria was found on the samples treated with various metals, ,when the amount of anhydrous succinic acid used was more than 0.5 g / g fabric. Accordingly, the antibacterial activity of metal-treated specimens using 1.0 g/g fabric of anhydrous succinic acid against K. pneumoniae was equivalent to that of commercial antibacterial and deodorant products. When more than 2.0 g/g fabric of anhydrous succinic acid was used, the antibacterial activity was larger than that of commercial products.
Relationship between the amount of adsorbed metal and bacterial number after 18 h incubation Figure 3 shows the relationship between the amount of adsorbed metal and the cell counts of test bacteria (S. aureus and K. pneumoniae) after 18 h incubation on metal-treated specimens. The cell counts of S. aureus and K. pneumoniae were decreased in accordance with increase of the adsorbed metal.
In the case of S. aureus, the correlation coefficients on the samples treated with Cu2+, Fe2+-, Fe3+ and Zn' were -0.956, -0.955, -0.898 and -0.855, and their variance ratios (F0) were 198.15, 197.94, 79 .54 and 51.72, respectively. The difference in variance was 3.7 times. Correlation coefficients and variance ratios (Fo ) were highest on Cu2+ -treated fabrics. On the other hand, they were lower on Fe2+-, Fe3+-and Zn2+-treated specimens. Significance on the F-test for metal-treated specimens was found (p<0.01).
The relationship between the antibacterial activity against K. pneumoniae and the amount of adsorbed metal on metal-treated specimens was also recognized. The correlation coefficients were a little higher than that in the case of S. aureus, except for the samples treated with Cu2+. The value of the samples treated with Fe2+-, Fe3+ and2+ Zn2+ were -0.966, -0.922 and -0.894, respectively. These data were similar to those in the case of S. aureus. Variance ratio (F 0)of 3 kinds of specimens were 263.27, 108.05 and 75.64 , respectively. On the other hand, the correlation coefficient between the cell counts of K. pneumoniae and the amount of Cu2+-adsorption on the Cu2+-treated fabrics was -0.939. The variance ratio (F0) was 110.04.
Cotton fabrics treated with Cu2+ and Zn2+ possessed antibacterial activity even when the amount of anhydrous succinic acid used was low. Though Cu2+-treated fabric possessed antibacterial activity, the problem of coloring was recognized. On the other hand, no coloring problem was recognized with Zn2+-treated fabric.
These results suggest that the application of Zn2+-treatment in the metal treatment fabrics would be suitable for practical use.
